Background: Few studies have evaluated risk factors for behavioral and psychological symptoms of dementia at the initial assessment for Alzheimer disease in large patient samples. In this study, the factors influencing Alzheimer disease were examined using the Clinical Research of Dementia of South Korea data. Methods: This cross-sectional study was conducted using data of 1,128 patients with Alzheimer disease. The behavioral and psychological symptoms of dementia were examined using the Korean version of the Neuropsychiatric Inventory. Demographic characteristics, health-related behavior, neuropsychological tests, comorbidities, blood test results, and caregiver characteristics were assessed. Median logistic regression analysis with adjustment for covariates was conducted. Results: The behavioral and psychological symptoms of dementia were negatively associated with memory (P=0.022) and frontal/executive (P<0.001) function in the Seoul Neuropsychological Screening Battery-dementia, Barthel Index for Activities of Daily Living (P<0.001), Korean version of the Mini-Mental State Examination score (P=0.003), and caregiver age (P=0.005) after adjustment for confounding factors, and positively associated with the Seoul-Instrumental Activities of Daily Living score (P<0.001), Clinical Dementia Rating Sum of Box (P<0.001), Global Deterioration Scale score (P<0.001), abnormality of free T4 level (P<0.001), anemia (P<0.001), and family history of stroke (P=0.001). Patients with female caregivers exhibited more severe behavioral and psychological symptoms of dementia than those with male caregivers. Conclusion: Behavioral and psychological symptoms of dementia in Alzheimer disease patients were associated with various risk factors including the inability to live independently and Alzheimer disease severity. These findings suggest that prevention and treatment strategies for the behavioral and psychological symptoms of dementia should be comprehensive.
INTRODUCTION
Dementia is a neurodegenerative disease caused by gradual loss of cortical neurons, and characterized by a progressive deterioration in memory, other cognitive functions, self-care, and personality. 1) According to a Korean epidemiologic survey of dementia conducted in 2012, the prevalence rate of dementia among persons aged >65 years was 9.2%, and the number of persons with dementia was 540,755
(155,955 males and 384,800 females, which is expected to increase to 2,710,000 by 2050.
2)
The behavioral and psychological symptoms of dementia (BPSD) involve psychotic, affective, and behavioral elements. The symptoms, such as anxiety, agitation, nervousness, depression, elation, abnormal expression of feelings, emotional incontinence, delusion, or hallucination, can lead to rapid cognitive deterioration and functional impairment in patients, emotional and physical distress in family members and caregivers, and increased medical expenses. 3) Alzheimer disease (AD) is the most common cause of dementia in
Korea. The pathogenesis of BPSD in AD patients has not been clearly delineated; however, emerging literature suggests that neurochemical, neuropathological, (e.g., cholinergic system dysfunction 4) ), and genetic factors all contribute. 5) Thus, categorization of BPSD in clusters accounting for their natural course, prognosis, and treatment response may be useful in clinical practice.
In addition to the influence of dementia stage and subtype, patient factors, including age, sex, psychotropic medication use, combined neuropsychiatric symptoms such as depression or lack of disease insight, neurocognitive deficits, environmental factors including crowded housing conditions, and/or attitude of care staff, may be associated with the emergence of BPSD. 6) However, previous studies on the BPSD have yielded inconsistent findings. Moreover, most studies have been conducted in Western countries where no comprehensive study with a large patient sample size has been carried out.
In this study, the factors influencing BPSD in AD patients were examined using data from the Clinical Research of Dementia of South Korea (CREDOS) study.
METHODS

Subjects and Study Design
The CREDOS study, a prospective, cohort study, was conducted at 56 
Behavioral and Psychological Symptoms of Dementia Assessment
BPSD were examined by the patient caregivers using the Korean version of the Neuropsychiatric Inventory (K-NPI). The K-NPI measures 12 domains of behavioral and psychological symptoms, including delusion, hallucination, agitation/aggression, depression/dysphoria, anxiety, euphoria/elation, apathy/indifference, disinhibition, irritability/lability, aberrant motor behavior, night-time behavior, and appetite/eating changes. Caregivers were asked to describe the patient symptoms that had occurred during the previous 4 weeks. Caregivers were to describe the symptom frequency (scores of 1-4) and severity (scores of 1-3). Each item had scores ranging from 0 to 12 as calculated by multiplying frequency and severity. 8) The total score ranged from 0 to 144 after summing the scores for each item.
Neuropsychological Assessment
The 
Clinical Assessment
The Korean version of Mini-Mental Status Examination (K-MMSE),
Clinical Dementia Rating Sum of Box (CDR-SB), and Global Deterioration Scale (GDS) were administered. Depression was defined using the Geriatric Depression Scale consisting of 15 items.
The Barthel Index for Activities of Daily Living (Barthel-ADL) was Living (S-IADL) was also used to evaluate instrumental ADLs.
11) The S-IADL was developed to evaluate patient social and instrumental ADLs.
All items were measured based on a four-point scale ranging from 0 to 3, with scores ranging from 0 to 24. A lower score indicates a better ability to perform social and instrumental ADLs.
A medical history of hypertension, heart disease, diabetes, gastrointestinal disease, brain surgery, anemia, arthritis, epilepsy, neuropsychiatric disease, and carbon monoxide poisoning by doctor's diagnosis, and a family history of stroke and dementia were obtained. All participants underwent brain magnetic resonance imaging and routine laboratory tests including complete blood count, blood chemistry profiles, vitamin B12 and folate levels, syphilis serology, thyroid function, and lipid level. They were also assessed for the following variables:
phone (user, non-user), smoking (current, former, and non-smoker), previous alcohol use (a lot, a little, or non-drinking), current alcohol drinking (drinker, non-drinker), occupation, education, and driving.
Age, caregiver sex, and presence or absence of a caregiver in the home were assessed. have a job at the time of the survey, and who had experienced drinking heavily in the past achieved higher K-NPI scores. The association between years of education and the K-NPI score was marginally significant.
Statistical Analyses
RESULTS
The ADL and K-MMSE scores exhibited significant negative correlations with the K-NPI. The S-IADL, CDR-SB, and GDS scores were significantly positively correlated with the K-NPI score. There was a negative correlation between the SNSB-D and K-NPI scores, with lower SNSB-D scores correlated with higher K-NPI scores.
An abnormal level of free T4, anemia, gastrointestinal disease, and family history of stroke were correlated with the K-NPI scores. In addition, female and younger caregivers were associated with higher K-NPI scores. Table 3 
DISCUSSION
In this study, we comprehensively evaluated the correlation between the BPSD and demographic characteristics, health-related behavior, neuropsychological tests, blood tests, and caregiver characteristics of AD patients.
These results confirmed that BPSD in AD patients were related to Values are presented as mean±standard deviation or %.
various factors including patient factors and caregiver factors. In particular, patient dependency and AD severity had strong associations with BPSD. In addition, the presence of anemia; an abnormal free T4 level; a family history of stroke; and the presence of young, female caregivers were correlated with BPSD.
In previous studies measuring dementia severity using the MMSE score, a low MMSE score was correlated with the BPSD in AD patients. [12] [13] [14] Similarly, our study revealed that dementia severity exhibited significant correlations with the BPSD, although the mean MMSE score in our study was higher than that in previous studies (mean MMSE score: 20.09 in our study versus 17.8 12) versus 16.9 13) versus 13. 4 14) ). Overall, the severity of dementia may be correlated with the emergence of BPSD.
Among the cognitive sub-domains, memory impairment was significantly correlated with the K-NPI score. There may be several reasons for the association of memory impairment and BPSD in AD patients. First, memory function has been demonstrated to be related to the anterior cingulate. 15) The anterior cingulate may be involved in the presentation of some BPSD. 16) Our results suggested that memory was correlated with the BPSD. However, there are few studies on the correlation between the SNSB-D score and the BPSD. Therefore, it is necessary to conduct further studies.
Second, the association between psychosis and impaired cognition including performance memory, 17) semantic memory, 18) executive function, 18) short-term and delayed memory, executive functions, and information processing speed 19) can be explained by genes that impact the frontal cognitive system, including catechol-O-methyltransferase, 20) frontal brain pathology, and/or frontal metabolic deficiencies, which can be confirmed with functional imaging studies. 21) A study investigating correlations between the Cumulative Illness Rating Scale and the NPI in dementia patients revealed that several NPI items had significant associations with medical illnesses including genitourinary and respiratory diseases. 22) Cerebrovascular diseases had significant associations with psychosis of AD, particularly delusion. 23) In our study, patients with anemia and abnormal free T4 levels obtained higher NPI scores. However, high blood pressure, which has been demonstrated to be a risk factor for cerebrovascular disease, was not significantly correlated with the K-NPI score, whereas family history of stroke was significantly correlated with the K-NPI score. Thus, further research is needed to examine these findings.
The association between thyroid function and AD has been inconsistent. Stern et al. 24) reported that thyroid stimulating hormone (TSH) and free T4 levels were not significantly associated with the BPSD in AD patients. However, a higher free T4 level was associated with atrophy of the hippocampus and amygdala on magnetic resonance imaging 25) or with greater numbers of neocortical neuritic plaques and neurofibrillary tangles. 26) Therefore, the free T4 level, rather than the TSH level, may be associated with BPSD.
A cohort study reported that a higher or lower hemoglobin level was related to AD and earlier decline in AD-related cognitive function. 27) However, few studies have investigated the correlations between anemia and the BPSD.
A recent study reported that diabetes was associated with progression from mild cognitive impairment to AD 28) and another study reported that diabetes was related to a decline in AD patient cognitive function. 29) In this study, diabetes was not significantly correlated with AD behavioral and psychological symptoms. We suggest that this was because the enrolled diabetes patients may have been well-controlled, or their diabetes history was obtained from a self-administered questionnaire, not from fasting glucose or hemoglobin A1C measurements.
Thus, it is necessary to carry out further research on the relationships between diabetes and the BPSD.
The patient-caregiver relationship can have an effect on BPSD in AD patients. 30 ) Although we did not assess the patient-caregiver emotional relationship and communication, we found that the young caregivers were associated with higher K-NPI scores. This may be attributed to differences in the quality of care provided by caregivers due to experience, emotional relationships, or familiarity.
Additionally, in our study, caregiver age, sex, and family history of stroke were associated with the BPSD. These are meaningful as risk factors and these findings warrant further research in the future.
Our study has several strengths. First, we confirmed our hypothesis with a large national sample from 56 hospitals in Korea. There have been several studies on the factors influencing BPSD, but the results were inconsistent. However, those studies enrolled small populations.
Second, a wide range of variables that were related to AD development or deterioration were evaluated according to patient and caregiver factors including demographics, health-related behavior, and clinical and neuropsychological tests. Our findings that more severe AD, lower frontal lobe function, anemia, and thyroid dysfunction were related to BPSD severity had been demonstrated in other studies; hence, we confirmed those results in data for large population.
The study also had some limitations. First, the find ings cannot be generalized to other types of dementia patients, because this study was confined to AD patients. Indeed, the medications for AD and their effect, patient's mood, sleep, general nutritional status, care environment and quality, and communication between patients and caregivers may be more important risk factors for the BPSD. However, this study did not cover all possible risk factors such as medication history, including the use of cholinesterase inhibitors, or physical activity level, which were not surveyed in the CREDOS study. Additionally, blood test results were merely classified into normal or abnormal.
In conclusion, AD patients exhibited various risk factors for BPSD, including the inability to live an independent life and AD severity. We comprehensively examined many factors that were predicted to be associated with the BPSD. These findings suggest that a comprehensive strategy for the prevention and treatment of BPSD is important for AD patients. 
